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five orders of magnitude in NH3 levels; (4) successfully demonstrating that 
potential chemical Lnterferences, such as organic amines, were factors of 20 to 
100 times lower in signal levels for comparable concentration levels of the 
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FINAL REPORT 
A. Overview 
Starting as early as 1975, the Georgia Tech Atmospheric Chemistry group 
began to explore the then emerging technique of single-photon laser-induced 
fluorescence (SP-LIF) as a means of detecting atmospheric trace gases under 
in-situ atmospheric sampling conditions. After many years of learning the 
pitfalls of adapting this laboratory analytical technique to atmospheric 
monitoring, we successfully developed systems for the detection of NO and SO2 
(see Bradshaw et al. 1982 a, b) and more recently for OH using the modified 
method 2A-SP-LIF (Rodgers et al. 1982; Rodgers et al. 1984; Rodgers et al. 1985 
and Davis et al. 1987). In spite of these successes, the limitations of both 
the simple SP -LIF and the more complex 2A -SP -LIF techniques moved our focus in 
the direction of exploring the use of multi - photon LIF technology. It was our 
view that this new approach provided the means for eliminating (or greatly 
minimizing) both the problems of laser generated chemical interferences and the 
high levels of background fluorescence resulting from in-situ atmospheric 
aerosol species and/or organic films on the walls of the fluorescence chamber. 
Both problems can be resolved with multi-photon LIF techniques (especially as 
related to background fluorescence noise) because of the high probability that 
in a multi-photon approach fluorescence can be generated which is blue-shifted 
relative to the laser probe wavelength. This is in sharp contrast to the SP-LIF 
methodology where only red-shifted fluorescence can be produced as a detectable 
wavelength. As shown in the generalized schematic diagram in Fig. 1, the 
pumping wavelengths Al and A2 are shifted to the red side of the sampled 
fluorescence X 3 . This permits the use of long wavelength blocking filters of 
very high optical density that can be used to remove both Rayleigh and Raman 
scatter from the Al and A2 pump wavelengths as well as white background 
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fluorescence noise from the ),1 and %2 laser beams. With the further use of 
solar blind photomultiplier tubes (PMTs), one typically can reduce the total 
noise in a multi -photon LIF system to levels below the dark count of the PMT. 
Thus, with PMT time gating, multi - photon LIF systems become signal-limited 
rather than signal-to-noise limited as is characteristic of the SP-LIF methods. 
When operating in a signal -limited regime, the uncertainty in a given 
measurement is defined only by the uncertainty in the signal count. Thus, from 
photon statistics, one can estimate the fractional error in a measurement using 
the simple expression: 	✓Ns/N s , where N s is the signal count for a pre-selected 
integration period. This suggests that multi - photon LIF techniques should 
inherently be very insensitive to changes in the background scattering 
environment (e.g. dust levels, fog, rain, ice crystals, etc.). 
The first of the multi-photon LIF techniques examined in our lab was that 
illustrated in Fig. 1, i.e. the sequential two-photon LIF (STP -LIF) method. 
Initial efforts at developing laboratory systems of this type resulted in the 
detection of two chemical species, NO and Hg, (see Bradshaw and. Davis, 1982; and 
Rodgers et al. 1982). Subsequent efforts by our group led to the development of 
a ground-based/airborne field system for the detection of NO (Bradshaw et al. 
1985, Hoell et al. 1985, Hoell et al. 1987, Davis et al. 1987) which 
demonstrated in a convincing fashion that this new system indeed had all the 
basic characteristics suggested earlier in the text for a multi - photon LIF 
sensor under field sampling conditions. Additional species that have now been 
detected via the STP-LIF technique, under laboratory conditions, include OH and 
12. 
Still a second form of multi -photon LIF detection of atmospheric trace 
gases is that proposed by Rodgers et al. in 1980. In this case, the approach 
involves photofragmentation LIF (PF-LIF). This methodology was directed at 
detecting molecules which either had very low fluorescence efficiencies under 
atmospheric conditions (e.g. NO2) or species that had no bonding excited state 
and therefore could not be directly detected by a fluorescence method. The 
latter PF-LIF detection scenario has now been realized in field measurements of 
NO2 and HNO2 (e.g. Sandholm et al., 1987, Rodgers and Davis, 1987a,b and Davis 
et al., 1987). 
Based on the success achieved with both the STP-LIF and the UV/PF-LIF 
systems, the Georgia Tech group proposed yet a third multi - photon detection 
scheme: Vacuum UV/Photofragmentation LIF (VUV/PF-LIF). As shown in Fig. 2 (a 
diagram for the NH3 system), a key feature of this methodology is that 
photofragmentation is achieved in the near vacuum UV. Very important in this 
system is the fact that even at wavelengths as short as 193 mm, laser beams can 
be propagated one to two meters in air without major losses in energy. At the 
same time, one typically finds that numerous atmospheric trace gases, having 
small or insignificant cross sections in the UV, absorb very strongly (e.g. G 
10-17 cm2 ) in the near vacuum UV. However, a potential disadvantage of the 
VUV/PF-LIF approach is that unlike the UV/PF-LIF system, the condition of 3 < 
A2 and Al is no longer true. Thus, the white background fluorescence noise from 
the Al VUV laser must once again be dealt with. Unlike an SP-LIF system, 
however, another degree of freedom exists in the VUV/PF-LIF technique. If AB * 
 (Fig.3) is sufficiently long lived (as dictated by its natural lifetime, 
quenching by atmospheric gases or reaction with other species), one may time 
delay between the firing of the A2 and 'Ai lasers. By using appropriately 
adjusted delay times, the only remaining condition that must be met is that A 3 < 
A2• 
Upon examining the photodynamics of several molecules of potential 
atmospheric significance, two years ago we proposed that at least four species 
were likely to satisfy most of the conditions required of a VLV/PF-LIF system: 
NH3, CS2, SO2, and H2S. Of these, based on (1) the scientific need for reliable 
atmospheric measurements of NH3, (2) what we believed to be reasonably reliable 
information on the photodynamics of NH3, and (3) the availability of information 
on the physical and chemical characteristics of the photofragment NHb 1 E 1- , NH3 
was chosen as the first test molecule for our program. 
The general detection scheme used in the case of NH3 is that illustrated in 
Fig. 2, and given in summary form below: 
NH3 + 2hv1 (193 nm) 4 NH (b 1 E + ) 
NH (bill + , v"= 0) + hv2 (450nm) 	NH (c 1 11, v'= 0) 
NH (ell', v'= 0) 4 NH (a 1 A, v = 0) + hy3 (326 nm) 
B. VUV-PF/LIF Hardware Configurations 
The evolution of the current VUV -PF/LIF ammonia detection system involved 
four distinct stages; however, only the final stage will be discussed here. 
The fourth and final instrumental configuration in the development of the 
VUV/PF-LIF NH3 system is that shown in Fig. 3. The key elements of this system 
are: (1) an ArF excimer laser for generating the 193 nm photolysis beam; (2) a 
XeF excimer driven dye laser for generating tunable UV radiation in the spectral 
range of 450 nm; (3) an ambient fluorescence chamber from which 326 nm radiation 
from the NH(c 1 7) state is monitored; and (4) an NH3 reference fluorescence cell 
used to normalize the signal level from the ambient chamber for changes in the 
193 or 450 nm laser energies, or changes in beam overlape i.e. spatially and 
temporally. Fig. 4 shows a schematic diagram of the electronic set-up used in 
conjunction with the laser hardware. 
Figure 2 
VACUUM UV PHOTOFRAGMENTATION 
LIF TECHNIQUE 
X1 ABC ± hvi --------• AB s + C 
AB ** 
X 2 	 A3 X1 < X3< X2 
	
v"=2 	 TIME DELAY 
1 	 AB* 	 BETWEEN X1 AND X2 
0  
AB 
AB* REPRESENTS A METASTABLE PHOTOFRAGMENT 
AB** REPRESENTS A HIGH LYING EXCITED STATE OF AB 
v' 	 
Fig. 3 - VUV/PF-LIF HARDWARE CONFIGURATION IV: CURRENT NH3 DETECTION SYSTEM 
(LP) Laser Pipe; (TD) Fast Timing Diode; (M) Mirror; (DM) Dichroic Mirror; (A) Aperture; (PD) Photodiode; 
(SC) Sample Cell; (FP) Filter Pack; (PMT) Photomultiplier Tube; (RC) Reference Chamber; (EM) Energy Monitor. 
	 3 4 5 
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To Flow Transducers 
Fig. 4 - ELECTRONIC HARDWARE USED WITH LASER CONFIGURATION IV: 
(OSC) Oscillator; (DLY) Electronic Time Delay; .(HVP) High Voltage Pulser; (A/D) Analog-to-Digital 
Converter System; (PG) Electronic Pulse Generator; (TD) Trigger Diode; (A) Amplifier; (C) Counter; 
(G) Eletronic Time Gate; (SC) Sample Cell; (DIS) Discriminator; (GCI) Gated Charge Integrator; 
(DLC) Data Logging Microcomputer. 
were likely to satisfy most of the conditions required of a VUV/PF-LIF system: 
NH3, CS2, SO2, and H2S. Of these, based on (1) the scientific need for reliable 
atmospheric measurements of NH3, (2) what we believed to be reasonably reliable 
information on the photodynamics of NH3, and (3) the availability of information 
on the physical and chemical characteristics of the photofragment NHblE + , NH3 
was chosen as the first test molecule for our program. 
The general detection scheme used in the case of NH3 is that illustrated in 
Fig. 2, and given in summary form below: 
NH3 + 2hy1 (193 nm) 	NH (b 1 E + ) 
NH (b 1 E + , v"= 0) + hy2 (450nm) 4 NH (c 1 11, v'= 0) 
NH (c 1 11, v'= 0) -+ NH (a 1 A, v = 0) + hv3 (326 nm) 
B. VUV-PF/LIF Hardware Configurations 
The evolution of the current VUV -PF/LIE ammonia detection system involved 
four distinct stages; however, only the final stage will be discussed here. 
The fourth and final instrumental configuration in the development of the 
VUV/PF-LIF NH3 system is that shown in Fig. 3. The key elements of this system 
are: (1) an ArF excimer laser for generating the 193 nm photolysis beam; (2) a 
XeF excimer driven dye laser for generating tunable UV radiation in the spectral 
range of 450 nm; (3) an ambient fluorescence chamber from which 326 nm radiation 
from the NH(c 1 7) state is monitored; and (4) an NH3 reference fluorescence cell 
used to normalize the signal level from the ambient chamber for changes in the 
193 or 450 nm laser energies, or changes in beam overlape i.e. spatially and 
temporally. Fig. 4 shows a schematic diagram of the electronic set -up used in 
conjunction with the laser hardware. 
C. Summary of System Performance 
After two years of effort, virtually all major obstacles involved in 
developing the VUV/PF-LIF NH3 system have been overcome. These include (1) 
successfully reducing the 193 and 450 nm laser generated background fluorescence 
noise to workable levels (in the case of the 450 nm beam the noise has been 
reduced to non-measurable levels); (2) convincingly demonstrating that in the 
193 nm two-photon photofragmentation of NH3, there is a significant yield of the 
metastable species, NH(b 1 E + ); (3) demonstrating the detection of the NH(b 1 E + ) 
species, via excitation at 450 nm, with preliminary calibration tests showing 
linearity over five orders of magnitude in NH9 levels; (4) successfully 
demonstrating that potential chemical interferences, such as organic amines, 
were factors of 20 to 100 times lower in signal levels for comparable 
concentration levels of the amine compound and NH3; (5) demonstrating that 
sampling line memory problems in detecting NH3 could be overcome by using 
passivated nickel as a construction material in conjunction with very high 
sampling flow rates (i.e. 125 to 150 Umin); and (6) demonstrating that the 
quenching of the metastable NH(b 1 E) state and the quenching of the flourescing 
species (NH(c 1 7) do not present major difficulties in the use of this new 
technique as applied to a board range of tropospheric environments. 
At this time, the detection limit of the VUV/PF-LIF system for NH3 is 30 
pptv (S/N=2) for a ten minute integration period. Alternatively, at 150 pptv 
(S/N=2), the integration time would be -15 seconds. With the final optimization 
of the VUV/PF-LIF NH3 system, a detection limit of 5 pptv per 5 min. integration 
period should be achievable. 
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